A recently published meteorology and air quality modeling study has several serious deficiencies deserving comment. The study uses the weather research and forecasting/chemistry (WRF/Chem) model to compare and evaluate boundary layer and land surface modeling options. The most serious of the study's deficiencies is reporting WRF/Chem results for both meteorological and chemical quantities using the asymmetric convective model version 2 (ACM2). While the ACM2 is a valid model option for WRF, it has not yet been implemented for the chemical portion of the WRF/Chem model. Hence, the reported air quality modeling results using ACM2 are invalid. Furthermore, publication of these results gives the erroneous impression that the ACM2 model is not well suited for air quality applications when, in fact, it is the default boundary layer model in the community multiscale air quality (CMAQ) model. Yerramilli et al. [1] describe a modeling study using the weather research and forecasting/chemistry (WRF/Chem) model to study the sensitivity of meteorology and air quality modeling results to various combinations of planetary boundary layer (PBL) and land surface models (LSMs). This study has many deficiencies, including an inadequate spinup period from uniform initial chemical conditions (12 hours), fixed lateral chemical boundary conditions on an outer domain that is limited to a small region (the southeastern United States), and no information on soil moisture initialization which is crucial for good LSM performance. In addition, one of the PBL options used for their WRF/Chem model simulations was the asymmetric convective model version 2 (ACM2) [2, 3] which has not been implemented for use with the chemical part of the WRF/Chem model. Thus, the results shown for modeled O 3 and NO 2 concentrations using the ACM2 PBL scheme are invalid. WRF/Chem results using the ACM2 were compared to model simulations using the Yonsei University PBL model (YSU) [4] and the Mellor-Yamada-Janjic TKE model (MYJ) [5] . It was noted in the paper that "The patterns of ozone concentration from model runs with ACM PBL are drastically different to those from YSU and MYJ schemes and reveal localization of simulated Ozone." Given the very comparable results for meteorological variables (temperature, relative humidity, wind speed, and direction) among the three PBL models, it should have been obvious that ACM2 was not correctly implemented for chemistry. Therefore, I feel that it is important to correct the erroneous impressions given by Yerramilli et al. that the ACM2 model is ill suited for air quality modeling. Quite the contrary, the ACM2 model is unique among PBL models with nonlocal components (e.g., the YSU PBL model) to have completely consistent treatment of meteorological and chemical variables. For this reason, ACM2 is the default PBL scheme used in the community multiscale air quality (CMAQ) model [6] .
Yerramilli et al. [1] describe a modeling study using the weather research and forecasting/chemistry (WRF/Chem) model to study the sensitivity of meteorology and air quality modeling results to various combinations of planetary boundary layer (PBL) and land surface models (LSMs). This study has many deficiencies, including an inadequate spinup period from uniform initial chemical conditions (12 hours) , fixed lateral chemical boundary conditions on an outer domain that is limited to a small region (the southeastern United States), and no information on soil moisture initialization which is crucial for good LSM performance. In addition, one of the PBL options used for their WRF/Chem model simulations was the asymmetric convective model version 2 (ACM2) [2, 3] which has not been implemented for use with the chemical part of the WRF/Chem model. Thus, the results shown for modeled O 3 and NO 2 concentrations using the ACM2 PBL scheme are invalid. WRF/Chem results using the ACM2 were compared to model simulations using the Yonsei University PBL model (YSU) [4] and the Mellor-Yamada-Janjic TKE model (MYJ) [5] . It was noted in the paper that "The patterns of ozone concentration from model runs with ACM PBL are drastically different to those from YSU and MYJ schemes and reveal localization of simulated Ozone." Given the very comparable results for meteorological variables (temperature, relative humidity, wind speed, and direction) among the three PBL models, it should have been obvious that ACM2 was not correctly implemented for chemistry. Therefore, I feel that it is important to correct the erroneous impressions given by Yerramilli et al. that the ACM2 model is ill suited for air quality modeling. Quite the contrary, the ACM2 model is unique among PBL models with nonlocal components (e.g., the YSU PBL model) to have completely consistent treatment of meteorological and chemical variables. For this reason, ACM2 is the default PBL scheme used in the community multiscale air quality (CMAQ) model [6] .
The chemical vertical mixing module in WRF/Chem is a simple first-order closure scheme using the eddy diffusion coefficients for heat (K h ) that are computed in the meteorological part of WRF. The ACM2 module in WRF, however, does not return the data array containing the eddy diffusion coefficient. Thus, WRF/Chem uses the minimum value set in the dry dep driver module for computing vertical diffusion of all chemical species. A global minimum value of K h is set to 10 −6 m 2 /s with higher values for the lowest layers over land (K h = 1.0 m 2 /s) and in areas of higher pollutant (CO) emissions (K h = 2.0 m 2 /s). Hence, the WRF/Chem runs where ACM2 was selected used these minimum static values for K h resulting in ozone fields that are radically different from the runs using other PBL models as shown in Figure 11 of Yerramilli et al. [1] . Vertical diffusion of chemical species was grossly underrepresented by the runs using ACM2, especially during convective conditions, because the chemical scalars were essentially not being mixed in the vertical.
Note that by using the K h directly from the PBL scheme, the chemical part of WRF/Chem is limited to a local eddy diffusion representation of subgrid vertical transport. While this is consistent for local schemes such as the TKE models (e.g., MYJ), it is not consistent for PBL models with nonlocal components such as the YSU scheme. In addition to eddy diffusion, the YSU model represents transport by large convective eddies by means of a gradient adjustment term for heat and winds. The YSU scheme also has an explicit PBL top entrainment flux term [7] . Thus, the WRF/Chem implementation of YSU is inconsistent with the PBL processing of meteorological variables since it neglects these additional flux terms.
Like the YSU model, the ACM2 includes components for both local gradient diffusion and for nonlocal convective transport. Unlike the YSU model, however, the ACM2 treats nonlocal flux as a mass flux that is equally applicable to any atmospheric quantity, meteorological or chemical. Correct implementation of the ACM2 requires either complete integration for all quantities or duplicate implementations in meteorology and air quality models. Thus, ACM2 has been implemented in both WRF and CMAQ to provide identical PBL processing for meteorological and chemical constituents. For example, WRF and CMAQ, both using the ACM2 model, were run on identical model grids and compared to measurements from spiral flight paths by the NOAA WP-3D aircraft during the 2006 Texas Air Quality Study (TexAQS II) [8] . Figure 1 shows modeled and measured vertical profiles of water vapor mixing ratio (Qv), potential temperature (Theta), and total reactive nitrogen (NOy). While Qv and NOy are both underpredicted by the model in the PBL the shape of the profiles and depth of the well-mixed layer are well modeled for all three parameters, demonstrating consistent and accurate PBL mixing for both meteorological and chemical constituents.
Several recent model evaluation studies have shown state-of-the-science performance for WRF simulations (e.g., [9, 10] ) and CMAQ simulations [11, 12] using ACM2. The ACM2 could be similarly implemented in WRF/Chem as in the WRF/CMAQ system. Because ACM2 was designed especially for air quality applications, it would be advantageous to the WRF/Chem community to have this capability. However, until this is done, ACM2 should not be used for WRF/Chem modeling, and results using this invalid model configuration should not have been published.
